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Abstract: The paper presents the numerically simulated input impedance of a cavity
backed circular aperture antenna with suspended substrate stripline probe feed. The
simulation is based on the finite element method. The results show the input impedance

or the return loss as a function of the frequency with the probe dimensions as parameters.
The simulated results are validated by measurements at millimeter-wave frequencies.

I. INTRODUCTION
Future space borne microwave/millimeter-wave systems in near-Earth

orbits for communications, inter-satellite links and high-resolution mapping will

require antennas which have high gain, high efficiency, low profile, light weight,

excellent temperature stability and low cost. As the frequency of operation
increases from the microwave to the millimeter-wave band, the attenuation of

planar transmission lines increases due to conductor loss [1]. Consequently in

planar array antennas, the feed network loss increases with frequency. Besides

conductor loss, the loss of power due to surface waves is also a concern in planar

arrays. The net effect of these losses is the reduction in the array gain and

efficiency. An effective method to lower these losses and enhance the efficiency

and gain is to construct the feed network using low loss transmission lines such

as, rectangular waveguides [2], parallel plate waveguides [3], radial lines [4] or

suspended substrate lines [5]. The suspended substrate line is particularly
attractive because it makes use of a very thin dielectric sheet which has low loss

tangent and excellent temperature stability such as, RT/duroid ® 5880 [6]. In

addition since the substrate is suspended between ground planes, the effective

dielectric constant is close to that of free space and hence surface wave losses are

negligibly small. Recently a cavity backed circular aperture antenna with a

suspended substrate stripline feed has been demonstrated [7]. In the past this type
of radiator has been analyzed using Green's function method and an expression

for the input impedance has been presented [8].

The analysis presented in this paper is based on the finite element method

(FEM). The analysis takes into account the effect of the rectangular opening

through which the suspended stripline enters the cavity. In addition, the analysis

takes into account the exact geometry of the probe in the cavity. The numerical

results include the input impedance of the cavity backed circular aperture antenna

with suspended stripline probe feed. The results show the variation in the input

impedance or the return loss as a function of the frequency with the probe

dimensions as parameters.
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II. ANTENNA ELEMENT CONSTRUCTION

A cavity backed circular aperture antenna with suspended stripline feed is

shown in Figure 1. The antenna element [7] consists of a thin dielectric substrate

of thickness d supported between two cylindrical waveguides of axial height

hi and h2. The lower waveguide is terminated in a short circuit so as to form a

cavity. The radius r of the waveguide is chosen such that the dominant TEll mode
propagate but the next higher order TM01 mode is cut off. The TEll mode is

excited by extending the strip conductor of the suspended stripline through an

opening (a x b) in the wall thus forming a probe of width Wi and length Ll. The

probe impedance is matched to the suspended stripline impedance by proper

choice of Wl, Lt, taper length L, and the cavity height h2. The antenna radiates
with a linear polarization along the y-direction.

III. NUMERICAL MODEL

A schematic view of the numerical model for the cavity backed circular

aperture antenna is shown in Figure 2. The cavity is excited by a narrow probe

realized by extending the strip conductor of the suspended stripline through an

opening in the cylindrical wall. Further to minimize the effect of step

discontinuity reactance due to the difference in the width of the probe and the

strip conductor on the input impedance a linear taper is used in between. The
circular aperture is terminated in an isotropic absorber to simulate free space

environment. The model uses tetrahedral element and edge-based basis function.

Perfect electric conductors are assumed throughout the model and hence

conductor losses are zero. The problem generates about 150,000 unknowns and is

solved on a computer with a clock speed and memory of 400 MHz and 400

Mbytes respectively. Hence, the computation of input impedance at any frequency
takes about an hour.

IV. NUMERICAL AND EXPERIMENTAL RESULTS

The computed return loss as a function of the frequency for a given set of

probe dimensions is shown in Figure 3. The preliminary results show that the
return loss is better than -I0.0 dB (VSWR <2.0) over 2 percent bandwidth

centered at about 56.0 GHz. The experimental investigation of this circuit and

efforts to improve the bandwidth are in progress.

V. CONCLUSIONS

The paper presents a finite element model for the input impedance of a

cavity backed circular aperture antenna excited by a suspended striptine probe

feed. The computed results show the return loss as a function of the frequency for

a particular probe dimensions. Initial results show that the return loss is better

than -10.0 dB over 2 percent bandwidth centered at about 56.0 GHz.

[1]

[2]

References

T. Itoh, "Overview of Quasi-Planar Transmission Lines," IEEE Trans.

Microwave Theory Tech., vol. 37, no. 2, pp. 275-280, February 1989.

K. Sakakibara, J. Hirokawa, M. Ando and N. Goto, "High-Gain and High

Efficiency Single-Layer Slotted Waveguide Array for use in 22 GHz Band,'"

Electron. Lett., vol. 32, no. 4, pp. 283-284, February 1996.

NASA/CR--2000-209784 2



[3] J. Hirokawa, M. Ando and N. Goto, "Waveguide-Fed Parallel Plate Slot

Array Antenna," IEEE Trans. Antennas & Prop., vol. 40, no. 2,

pp. 218-222, February 1992.
[4] M. Ando, T. Numata, J.-I. Takada and N. Goto, "A Linearly Polarized

Radial Line Slot Antenna," IEEE Trans. Antennas & Prop., vol. 36, no. 12,

pp. 1675-1680, December 1988.

[5] E. Rammos, "A Low Tolerance Dual Slot Radiator for Space and Ground

Applications," 1991 IEEE Antennas and Prop. Inter. Syrup. Dig., vol. 3,

pp. 1599-1602, 1991.

[6] Data Sheet RT/duroid ® 5880, Rogers Corporation, Chandler, Arizona.

[7] R.N. Simons, "A Millimeter-Wave Cavity-Backed Suspended Substrate

Stripline Antenna," 1999 IEEE Antennas and Prop. Inter. Symp. Dig.,

vol. 3, pp. 2110-2113, 1999.
[8] J.C. Goswami and M. Sachidananda, "Cylindrical Cavity-Backed

Suspended Stripline Antenna-Theory and Experiment," IEEE Trans.

Antennas & Prop., vol. 41, no. 8, pp. 1155-1160, August 1993.

Exciting probe _.

Suspended

substrate

striplinefeed

Circular

aperture
/ (TEll mode)

ground

plane

Bottom

ground

plane

\

"-- Dielectric

substrate

(IE0tEr)
\

"_- Back cavity

Figure 1.-Cavity backed circular aperture antenna with suspended substrate stripline (SSS)

feed. The inset on the top left and right show the cross-section of the SSS and the electric

field distribution for the TEl I mode respectively. The parameters (in inches) are d = 0.005,

• r = 2.22, h I = 0.25, h 2 = 0.10, r = 0.075, a = 0.074, c = 0.09, b = 0.016, W = 0.04, W 1 = 0.0175,

L = 0.06, Lt = 0.066.
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Figure 2.- Numerical model for the antenna.
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Figure 3.- Computed return loss as a function of

the frequency.

NASA/CR--2000-209784 4



r'-



Form ApprovedREPORT DOCUMENTATION PAGE
OMB No. 0704-0188

Public reporting burden for this collection of information is estimaled to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathedng and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and BudgeL Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
June 2000

4. TITLE AND SUBTITLE

Modeling and Characterization of Cavity Backed Circular Aperture

Antenna With Suspended Stripline Probe Feed

6. AUTHOR(S)

Donghoon Chun, Rainee N. Simons, and Linda P.B. Katehi

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

University of Michigan

Ann Arbor, Michigan 48109-2122
and

Dynacs Engineering Company, Inc.
Brook Park, Ohio 44135

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

National Aeronautics and Space Administration

John H. Glenn Research Center at Lewis Field

Cleveland, Ohio 44135-3191

Final Contractor Report

5. FUNDING NUMBERS

WU-632---6E-51-00

NAS3-98008

8. PERFORMING ORGANIZATION
REPORT NUMBER

E-12070

10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

NASA CR--2000-209784

11. SUPPLEMENTARY NOTES

Prepared for the 2000 International Symposium on Antennas and Propagation and USNC/URSI National Radio Science Meeting

sponsored by the Institute of Electrical and Electronics Engineers, Salt Lake City, Utah, July 16-21, 2000. Donghoon Chun and

Linda P.B. Katehi, Radiation Laboratory, EECS Department, University of Michigan, Ann Arbor, Michigan 48109-2122; and

Rainee N. S imons, Dynacs Enginnering Company, Inc., 2001 Aerospace Parkway, Brook Park, Ohio 44142. Project Manager,

Dennis Vano, Systems Engineering Division, NASA Glenn Research Center, organization code 7830, (216) 433-2730.

12a. DISTRIBUTION/AVAILABILITY STATEMENT

Unclassified - Unlimited

Subject Category: 33 Distribution: Nonstandard

This publication is available from the NASA Center for AeroSpace Information, (301) 621-0390.

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

The paper presents the numerically simulated input impedance of a cavity backed circular aperture antenna with sus-

pended substrate stripline probe feed. The simulation is based on the finite element method. The results show the input

impedance or the return loss as a function of the frequency with the probe dimensions as parameters. The simulated

results are validated by measurements at millimeter-wave frequencies.

1_.. SUBJECT TERMS

Cavity backed aperture antenna; Suspended substrate stripline; Array antenna;

Finite element method; Waveguide to suspended stripline transition

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified

NSN 7540-01-280-5500

15. NUMBER OF PAGES
10

i6. PRICE CODE

A02

20. LIMITATION OF ABSTRACT

Standard Form 298 (Rev. 2-89)
Prescribedby ANSI Std, Z39-18
298-102


